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I. INTRODUCTION
Once major natural disaster occurred, it became prone to generate chain effect. A strong earthquake not only causes directly damage, but also can result in a serious of secondary disasters. The earthquake-induced geohazard-chain is a kind of special evolving form of mountain disaster chain under the action of earthquake. On May 12th, 2008, a great earthquake of Ms 8.0 hit Wenchuan County in Sichuan Province which induced a large number of geo-hazards in the form of landslide, rockfalls and debris flows and generated abundant unconsolidated material. With subsequent rainstorms later, the loose accumulation was transformed into debris flows. These geo-hazards have resulted in more than 20,000 deaths [1] . And these will be very active and cause considerable damages in the affected area over 10~30 years after the earthquake [2] .
It is generally accepted that natural disaster is the result of the interaction of natural hazard and hazard-affected bodies. So this study preliminary analyzes the risk changes of earthquakeinduced geohazard-chain from the two aspects above taking Qingping country as an example. Firstly, this paper reveals the development process and influence zones of the earthquakeinduced geohazard-chain and extracts the types and spatial distribution of the hazard-affected bodies. Secondly, through scenario analytical method, the temporal-spatial changes of the vulnerabilities and loss risks of hazard-affected bodies were analyzed. Finally, the driving factors which influence the temporal-spatial changes of the risk were discussed. These preliminary results can provide decision support for regional sustainable development of economy and ecological and environmental protection, especially be used for the risk and vulnerability study on earthquake and secondary geological disasters induced by large earthquake.
II. MATERIALS AND METHODS

A. Study Site
Qingping country in Mianzhu is located in the northwest of Sichuan basin, in central Longmen Mountains, lying between 31°29′ ~ 31°42′ N latitude and 103°55′ ~ 104°9′ E longitude. The study area is the typical high mountains and deep valleys landform and is characterized by humid subtropical climate. As its geological features, the area is vulnerable to earthquake and geo-hazards. And it is one of the most serious disaster areas after the Wenchuan earthquake which led to the deterioration of the geological environment [3] .
B. Data
The high-resolution remote sensing images before and after Wenchuan Earthquake are used which include a QuickBird image in 
C. Methods
1) Risk Assessment Based on High-resolution Remote Sensing and GIS.
The method includes two parts: the first part is extraction of disaster influence zones and hazard-affected objects attributes; the second part is calculation of disaster loss risk. This study International Conference on Remote Sensing, Environment and Transportation Engineering (RSETE 2013) takes buildings, roads and cultivated land as the geological hazard-affected objects.
a) Extraction
The extraction of the damage scope of disasters, roads and farmland adopts visual interpretation method. The cast shadows of buildings in high-resolution remote sensing images can reflect their three-dimensional attributes on spatial position and height. By the imaging theories of cast shadow, the attributes of buildings can be extracted. Its detail algorithm process was derived from the method of Qi et al [4] [5] .
b) Calculation of Loss Risk
The calculation formulas of disaster loss risk of three kinds of geological hazard-affected bodies are shown as follows:
Where V is the loss of all three kinds of hazard-affected objects, yuan; V b , V r and V c is the economic losses of damaged buildings, roads and farmland, respectively, yuan; i is the building type; S i is the damage area of the buildings with ‗i' type, m 2 ; P bi is the rebuilding cost per square meter of the buildings with ‗i' type, yuan/ m 2 ; P di is the value of indoor property per square meter of the buildings with ‗i' type, yuan/ m 2 ; L r is the damaged mileage of road, m; P r is the rebuilding cost per meter of road, yuan/ m; S c is the damage area of farmland, m 2 ; P s is the value of farmland per square meter, yuan/ m 2 .
2) Scenario Analysis
Scenario analysis is a process of analyzing possible future events by considering alternative possible outcomes. But in this study, the time sequence is reversed. In other words, we assume the recent events occurred in a certain historical time, and then analyze the possible outcomes. There the Wenchuan earthquake-induced geohazard-chain is taken as a large disaster. Setting the scenario that the large geological disaster had occurred in 1979 and 2008, the damaged amount and economic losses are calculated in the two periods.
3
) Literature Analysis and Field Investigation
By the analysis of a large number of literatures, the time series of earthquake-induced geo-hazards can be built. Then the phases of the high-resolution remote sensing images can be determined according to the time series. Through the field investigation the accuracy of the disaster time series and remote sensing images interpretation results can be checked.
III. RESULTS
A. Geohazard-chain Induced by Wenchuan Earthquake in Qingping Country
The Wenchuan earthquake-induced geohazard-chain in Qingping country consisted of a large scale rockslidesturzstrom at Wenjiagou valley occurred on 12th May 2008, group debris flows occurred on 24th September 2010 and group debris flows occurred on 13th August 2010. Before the Wenchuan earthquake, there was few debris flow in all the gullies (Fig. 1 A) . But the earthquake led to the deterioration of the geological environment, and abundant unconsolidated material accumulated along slope and valleys that paved the way for geohazard-chain. Figure 1 shows the damage scope of the earthquake-induced geohazard-chain expanded from the east of the Mianyuan river to the west and the area of three geological hazards is 1.40×10 6 m 2 、0.25×10 6 m 2 、1.38× 10 6 m 2 ，respectively (Fig. 1 B) . The accumulated damage area had more than doubled from 1.40×10 6 m 2 to 3.05×10 6 m 2 . Fig. 1 . Scope of the three earthquake-induced geo-hazards
B. Exposure of Hazard-affected Objects
In this paper buildings, roads and farmland were taken as the hazard-affected bodies. Based on high-resolution remote sensing and GIS technique, the exposed amount and spatial distribution of three kinds of hazard-affected bodies are extracted in the year of 1979, 2008 and 2010 (Table 1, Fig. 2 ). 
C. Loss Risk Evaluation
Employed the scenario analysis method, the loss risks of hazard-affected bodies from Wenchuan earthquake-induced geohazard-chain were analyzed in Qingping country.
1) Amount of Damaged Hazard-affected Bodies
Under the scenario of earthquake-induced geohazard-chain, the damaged area of buildings in the year of 1979 Table 3 ). The economic loss risk in 2010 was 4.41 times more than that in 1979. In proportional composition respect, the proportion of economic loss of building, road and farmland was 63.1%, 7.4% and 29.5% of the total in 1979, respectively. That was 91.5%, 4.3% and 4.2% of the total in 2010, respectively. From 1979 to 2010, the loss risk of buildings was becoming increasingly high, but the loss risk of cultivated land was the opposite which was getting lower and lower. Based on the high-resolution RS and GIS technique, utilized scenario analytical method, the vulnerabilities and loss risks of hazard-affected bodies from Wenchuan Earthquakeinduced geohazard-chain and its temporal-spatial changes in Qingping country have been analyzed. From 1979 to 2010, the building area increased 2.4 times, the road mileage grew more than 2 times but the cultivated land area reduced by 40.7%. Under the Wenchuan Earthquake-induced geohazard-chain scenarios, in the last thirty years, the damaged building area increased 2.7 times, the mileage of destroyed road grew 1.9 times but the ruined farmland decreased 62.6%. The economic losses of the three kinds of hazard-affected bodies in 2010 were 4.41 times more than that in 1979.
Urbanization, population growth and economic development are the main driving forces of the temporal-spatial changes of the earthquake-induced geohazard-chain risk in Qingping country. With the rapid development of urbanization and population growth, the human being's engineering activities are intense more and more and expand to the area liable to geological disasters, such as deposition fan of debris flow, landslide accumulation body, riverway. This kind of urban construction which has gone beyond the geological environment carrying capacity makes hazard-affected bodies become more exposed to hazardous conditions. So with the urbanization and population growth the loss risks from earthquake-induced geological disaster would increase. With the fast development of socio-economy country and improvement of living standards, the economic and functional value of hazard-affected bodies increases largely. The rise of value results in that the economic vulnerabilities of hazardaffected bodies increase too. Thus, once the geo-hazard with the same intensity and scale occurred, the loss risks of all kinds of hazard-affected bodies would be more and more.
